



In the Acanthaceae: Testa 
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K. Balkwill, Fiona Getliffe Norris and Elzabe Schoonraad 
Department of Botany, University of Natal, Pietermaritzburg 
Scanning electron microscopy of seed surfaces of species 
of Peristrophe Nees has revealed species-specific patterns 
of microsculpturing caused by the presence of tubercles 
and reticulations. The taxonomic implications of these 
features were examined. Cleared seeds and sections of 
seeds elucidated their anatomical structure. 
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Aftaselektronmikroskopie van die saadoppervlakke van 
sekere spesies van Peristrophe Nees, loon spesie-spesifieke 
mikroskulptuurpatrone veroorsaak deur die aanwesigheid 
van tuberkels en riwwe. Die taksonomiese implikasies van 
hierdie kenmerke is ondersoek; opgehelderde sade en snitte 
van sade het die anatomiese bou van die strukture aan die 
lig gebring. 
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Introduction 
Davis & Heywood (1963) remarked: 'Seeds frequently receive 
summary treatment in Floras, and even in detailed taxonomic 
studies their potential importance in providing characters of 
value for comparative and interpretive purposes is seldom 
adequately explored' . This appears to be particularly true of 
the Acanthaceae although the taxonomic importance of 
surface features and shape of the seeds in the Acanthaceae 
was recognized by Nees (1847). Seed shape was used by 
Bremekamp (1965) as a character useful in the delimitation 
of the Acanthaceae and characters of the testa were used at 
the tribal and sub-tribal levels. Clarke (1901) used seed surface 
features coupled with number of seeds in the capsule to 
distinguish the genus Monechma Hochst. from Justicia L. 
Henricksen & Hilsenbeck (1979) considered seed characters 
in their delimitation of subgenera and sections in Siphono-
glossa L. as did Immelman (1983) for Justicia. Milne-Redhead 
(1936), Heine (1967) and Balkwill & Getliffe Norris (1985) 
found features of the seed surface to be taxonomically 
important at the species level. 
Anatomical studies of the seeds of members of the Acan-
thaceae have been conducted by many workers, as listed by 
Corner (1976) and Maheshwari & Negi (1955). Much of the 
work concentrated on embryology and was done on Elytraria 
(Johri & Singh 1959) and Nelsonia (Mohan Ram & Masand 
1977), genera that are not included in the Acanthaceae sensu 
Bremekamp (1965), and so extrapolation from these works 
to other acanthaceous genera must be done with caution. 
During the course of a revision of southern African 
members of the genus Peristrophe Nees, it became apparent 
that studies of the seed microsculpturing might be rewarding 
and, responding to the challenge made by Davis & Heywood 
(I.e.), we investigated the overall shape and morphology of 
the seed, the surface sculpturing at the level of the scanning 
electron microscope and the anatomical basis of the testa 
topography at the light microscope level. The taxonomic 
implications of these features were assessed. 
Materials and Methods 
Seeds of species of Peristrophe were collected from plants in 
the field, from plants cultivated in our botanic garden or were 
taken from herbarium specimens. All available seeds were 
examined with the aid of a dissecting microscope and a 
selection was made for SEM studies. Where possible, more 
than one seed from each collection, and more than one 
collection of each species, was included in order to assess 
infraspecific variation. The capsules of most of the Acan-
thaceae dehisce explosively and unless great care is taken by 
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collectors to save them, the mature seeds are expelled from 
the capsules during pressing and drying and are lost. Few 
specimens have mature seeds and thus unfortunate restrictions 
are imposed upon this interesting field of research. The 
Namibian species P. grandibracteata Lindau had to be omitted 
from the study as no mature seeds were available. Voucher 
specimens and authorities of species studies with the SEM are 
provided in Appendix 1. 
Untreated seeds were photographed with a Wild Photo-
macroscope M 400 with a Wild Photoautomat MPS55 
photographic system. To investigate embryo orientation and 
testa ornamentation, seeds were cleared by the method of 
O'Brien & Von Teichman (1974). For scanning electron 
microscopy, mature seeds were mounted on copper stubs with 
double-sided adhesive tape, placed in a desiccator for 24 h, 
coated with gold/palladium and viewed with a Jeol JSM T 200 
scanning electron microscope (SEM). For anatomical studies, 
a series of capsules of varying ages was fixed in 60Jo glu-
taraldehyde. Older fruits were cut into manageable portions 
but younger fruits were left whole. After fixation, the series 
was divided into two sets. The first was dehydrated and 
embedded in Spurrs resin. Monitor sections were cut and 
stained with Ladds multiple stain (Toluidine blue and Basic 
Fuchsin). The second set was dehydrated through a tertiary 
butyl alcohol series (Johansen 1940), infiltrated and embedded 
in Tissue Prep Wax (melting point 61 oq and sectioned on 
a rotary microtome. Selected slides were stained with iodine 
in KI and Sudan IV and the remaining slides stained according 
to the Safranin Fast Green method of Sass (1958). Photo-
micrographs were taken with an Olympus PM - 1 OAD 
photomicrographic system. 
Results 
External Seed Morphology 
The seeds of the species of Peristrophe that were studied are 
discoid, notched at the hilum and often have depressions in 
the regions where they have pressed against the loculicidal 
suture lines of the fruit (arrowed in Figure 1). The cotyledons 
are in the incumbent position (Figure 2). Under the dissecting 
microscope (50 x ), the surfaces of the seeds appeared va-
riously convoluted, glossy, rough and tuberculate; some 
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tubercles were hooked. These patterns appeared to be con-
sistent within species and warranted more detailed study. 
Investigation with the SEM revealed that the surface of the 
seeds was reticulate, tuberculate, and had small papillae 
(Figure 3). The latter resemble the structures described by 
Chuang & Heckard (1972) as 'papillose wax deposits' and they 
also resemble the structures on Salvinia auriculata Aub!. 
described by Barthlott & Wollenweber (1981) as hydrophobic, 
simple rod-crystalloid sculpturing. The reticulate pattern may 
be indistinct (Figure 14) or clearly defined with deep de-
pressions between ridges (Figures 16 & 17). Tubercles are 
produced by all species examined and, although they may 
appear crushed on the flat surfaces (as that arrowed in 
Figure 13), they are better developed around the edges of the 
seeds. Tubercles may be hooked (Figure 9) or unhooked 
(Figure 5) and with or without papillae. Hooks on tubercles 
may be at one level (Figure 9), two levels (Figure 21), three 
levels (Figure 18) or at a number of ill-defined levels (Figure 
15). Tubercles may be without papillae (Figure 9), with 
occasional papillae (Figure 6) or with papillae common 
(Figure 27). The hooks too might be papillate (Figure 18) or 
smooth (Figure 24). 
The testa of P. cernua has a clearly defined reticulate 
surface (Figures 3 & 4) and unhooked tubercles on which 
papillae are present (Figures 5 & 6). In P. paniculata the 
reticulations are indistinct (Figures 7 & 8), and the tubercles 
have a single row of hooks (Figure 9). The hooks are sharp-
pointed, and have a rugose surface; there are no papillae on 
the tubercles. P. transvaa/ensis has clearly defmed reticulations 
(Figures 10 & 11) and a relatively sparse distribution of 
papillae. The tubercles have protuberances rather than hooks 
(Figure 12), which give the tubercles a flattened appearance; 
there are no papillae on the tubercles. In P. clijjordii, the 
reticulations are indistinct (Figures 13 & 14) and the tubercles 
are hooked at different levels (Figure 15). The hooks are 
broader than those of P. paniculata, but their surfaces are 
similarly rugose. In P. gillilandiorum the surface of the seed 
is distinctly reticulate, with deep depressions (Figures 16 & 
17), and there are hooks on the tubercles at three levels 
(Figure 18). Papillae occur on the lower hooks. P. kotschyana 
has distinct reticulations (Figures 19 & 20) and two kinds of 
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Figures I & 2 Seeds of P. cernua; Balkwill 326. I. Light micrograph of seed, arrow marks depression against which retinaculum pressed. Scale 
line = I mm. 2. Drawing of cleared seed showing the orientation of the embryo. Scale line = I mm. 
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Figures 3-6 P. cernua. 3. Surface of testa showing tubercles and ridges; Ba/kwi/1168 (SEM). Scale line = 100 Jlffi. 4. Ridges on testa; Balkwi/1 
326 (SEM). Scale line = 20 Jlffi . 5. Tubercle (SEM); Ba/kwi/1 445. Scale line = 10 Jlffi . 6. Tubercle (SEM); Ba/kwi/1 326. Scale line = 10 Jlffi . 
Figures 7-9 P. paniculata; Seyde/1128. 7. Surface of testa showing tubercles and ridges (SEM). Scale line = 100 Jlffi . 8. Ridges on testa (SEM). 
Scale line = 20 Jlffi . 9. Hooked tubercle (SEM). Scale line = 10 Jlffi. 
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tubercles, one with two rows of hooks (Figure 21), and one 
with the axis of the tubercle shortened so that the hooks are 
approximated. The surfaces of the hooks are not ridged, and 
papillae are present near the bottom of the tubercles. In P. 
hereroensis the reticulations are indistinct (Figure 22 & 23) 
and the tubercles on which papillae are occasional, have a 
single row of hooks (Figure 24). Peristrophe sp. has distinct 
reticulations (Figures 25 & 26) and papillae are common on 
the unhooked tubercles (Figure 27). These results are sum-
marized in Table 1. 
Internal Seed Morphology 
The ovules are unitegmic with a many-layered integument, 
which is gradually absorbed as the embryo develops (Figure 
28). The testa of the mature seed generally consists of a well-
defined outer epidermis and 2- 3 layers beneath this, except 
at the chalaza! end where several layers persist. The outer 
S.-Afr. Tydskr. Plantk. , 1986, 52(6) 
epidermal layer of the integument is clearly defined at a very 
early stage because of its dense, starch-filled cells. The 
epidermal cells have lignified inner tangential and radial walls. 
The outer tangential walls are less heavily thickened, though 
heavily cutinized, and collapse inwards on drying to give the 
reticulate pattern of the testa. 
The tubercles are of epidermal origin (Figure 29). These 
multicellular structures consist of four to six elongated cells, 
sometimes with periclinal walls (Figure 30). Their radial and 
inner tangential walls have reticulate (Figures 30 & 31) or 
scalariform thickening (Figure 32). Cleared material revealed 
delicate annular rings at the base of the lower supporting cells. 
Hooks on the tubercles are hollow extensions of the outer 
unthickened, but heavily cutinized, cell wall. These retain their 
shape throughout the preparative procedures. Folds on the 
tubercles of P. cernua are formed when the thin outer walls, 
without hollow hooks, collapse against the inner thickened 
Figures 10- 12 P. transvaalensis; Ba/kwi/1 764. 10. Surface of testa showing tubercles and ridges (SEM). Scale line = 100 ~-tm. 11 . Ridges on 
testa (SEM). Scale line = 20 ~-tm. 12. Tubercle (SEM) . Scale line = 20 ~-tm . 
Figures 13-15 P. clijjordii; Ba/kwi/1 793. 13. Surface of testa showing tubercles and ridges (SEM). Scale line = 100 ~-tm. 14. Ridges on testa 
(SEM). Scale line = 20 1-!ffi. 15. Tubercle (SEM). Scale line = 10 1-!ffi. 
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walls (Figures 29 & 31). 
The inner layers of the integument consist of loosely 
packed, thin-walled parenchyma cells. The developing embryo 
is embedded in a cellular endosperm with a clearly dif-
ferentiated outer epidermis of densely-filled cells that give a 
positive reaction for lipids when stained with Sudan IV. This 
epidermis and the layer immediately beneath it persist in the 
mature seed as an epithelium that lines the inner surface of 
the testa in imbibed seeds, but on drying collapses in con-
volutions round the young embryo (Figure 29). 
Discussion 
The genus Peristrophe comprises about twenty-five species 
distributed through Africa and the east Indies. Nine species 
occur in southern Africa in two groups, one of which appears 
to correspond to one of the subsections recognized by Nees 
(1832, 1847) and which may be given formal status once the 
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current revison of the genus has been completed. As in all 
Acanthaceae, the seeds of Peristrophe are discoid. In common 
with all other members of the tribe Justicieae, the seeds lack 
both the hygroscopic and unicellular hairs that characterize 
many other genera (e.g. Bleparis Juss.). 
An uneven seed surface has been reported in many Acan-
thaceae (Corner 1976). This may be caused by the presence 
of trichomes or small epidermal outgrowths. The trichomes 
may be rigid or mucilaginous, long or short, like the uni-
cellular hairs developed from the richly cytoplasmic radially 
elongated epidermal cells of Dipteracanthus patulus (Jacq.) 
Nees (Maheshwari & Negi 1955). The epidermal outgrowths 
may be formed by repeated anticlinal divisions of the epi-
dermis which then break away from the underlying testa 
layers, forming small loops as in Justicia betonica L. (Bhat-
nagar & Puri 1970) or simply groups of radially elonga-
ted epidermal cells as in Justicia simplex (Mohan Ram & 
Figures 16-18 P. giffifandiorum; Grosvenor 820. 16. Surface of testa showing tubercles and ridges (SEM). Scale line 
on testa (SEM). Scale line = 20 ~m. 18. Tubercle (SEM). Scale line = 20 ~m. 
100 ~m. 17. Ridges 
Figures 19-21 P. kotschyana. 19. Surface of testa showing tubercles and ridges (SEM); Bafkwiff 760. Scale line = 100 ~m . 20. Ridges on testa 
(SEM); Bafkwiff 732. Scale line = 20 ~m. 21. Tubercle (SEM); Bafkwiff 760. Scale line = 10 ~m. 
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Figures 22-24 P. hereroensis; De Winter 2356. 22 . Surface of testa showing tubercles and ridges (SEM) . Scale line = 100 ~m. 23. Ridges on 
testa (SEM). Scale line = 20 ~m. 24. Tubercle (SEM). Scale line = 10 ~m. 
Table 1 Summary of the external seed characters in 
southern African species of Peristrophe. 1: P. cernua, 
2: P. panicu/ata, 3: P. transvaalensis, 4: P. cliffordii, 
5: P. gillilandiorum, 6: P. kotschyana, 7: P. hereroensis, 
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Present in lower part only 
Sehgal1958). Seeds of Peristrophe that were studied here are 
rough because of the uneven thickening of the epidermal cells 
(which causes a reticulate surface) and have epidermal out-
growths or tubercles. As far as could be determined, such 
tubercles have not been recorded before. These tubercles may 
be analogous with the 'papillenhare' described by Eckhart 
(1929, in Uphof 1962). Protruberances, described by Uphof 
(1962) as evaginations of the young cell wall which narrow 
until the internal cavity disappears , were not found on the 
tubercles of seeds of Peristrophe. In Peristrophe, the pro-
truberances or hooks on the tubercles proved to be persistently 
hollow and appear to be simple extensions of an unlignified 
outer cell wall. The rigid central framework of lignified 
inner cell walls of the tubercles of Peristrophe species main-
tains the shape during the dehydration process preceeding 
wax embedding and SEM preparation. This framework is 
more clearly defined in the tubercles of P. cernua than in 
P. paniculata. 
The function of hygroscopic hairs on the seeds of some 
Acanthaceae has been shown to be associated with seed 
dispersal and with dormancy (Gutterman eta!. 1973; Schnepf 
& Deichgraber 1983). It is possible that the tubercles of 
Peristrophe serve a similar function but this has not been 
investigated in the present study. The tubercles may act as 
one-way valves, enhancing the uptake and retention of water 
prior to germination. 
The taxonomic value of seed coat texture has been stressed 
in current studies of Justicia (Immelman 1983 and pers. 
comm.). Here, seed surface characters, in correlation with 
other morphological features, define infrageneric groups. In 
Peristrophe this does not appear to be the case, but the 
taxonomic value is at the level of the species. Where multiple 
samples were available, it was evident that testa topography 
was consistent within a species and that it was possible to 
distinguish species on the basis of their seed coat characters. 
Testa topography was particularly valuable in confirming the 
separation of a new species of Peristrophe from P. here-
roensis, despite similarities in gross morphology. 
Our observations of the seed coat texture during the course 
of a current revision of the genera Peristrophe, Dicliptera and 
Hypoestes may yield generic characters, but the survey is not 
yet complete. 
Conclusions 
Micrographs of the topography of the seed coat prepared with 
an SEM, at 500 x magnification, provided characters of the 
seed coat that are diagnostic at the species level and correlated 
with species concepts that have been formulated on the basis 
of macromorphological observations. It appears that these 
characters are not useful to define infrageneric groups in 
Peristrophe, as they are in other related genera. Investigations 
of seed surfaces have been valuable in the revision of the genus 
Peristrophe in southern Africa. 
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Figures 25-27 P. sp. 25. Surface of testa showing tubercles and ridges (SEM); Craven 1021. Scale line = 100 ~m . 26. Ridges on testa (SEM); 
De Winter & Leistner 1828. Scale line = 20 ~m . 27. Tubercle (SEM); Craven 1021. Scale line = 10 ~m. 
31 
Figures 28-32 P. cernua, Balkwill469. 28. Light micrograph of section of developing seed within testa and bounded by remains of the endosperm. 
Scale line = 200 ~m . 29. Light micrograph of portion of seed showing testa with starch-filled cells (a) and partially disintegrated inner layers, 
the convoluted epithelium (b) and a portion of the embryo (c). Scale line = 20 ~m. 30. Light micrograph of a tubercle with inner radial walls 
and cross walls thickened. Scale line = 20 ~m. 31. Cross section of tubercle with conspicuous cuticle on outer walls and thickening on radial 
walls. Scale line = 20 ~m. 32. Light micrograph of tubercle with radial walls with reticulate thickening. Scale line = 20 ~m. 
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The function of the elaborately thickened tubercles is not 
as yet known, and is worthy of further investigation. 
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Appendix 1 
Peristrophe paniculata (Forssk.) Brummitt 
Seydel 11 & Giess & Leippert 7317 
P. transvaalensis (C.B. Clarke) Balkwill 
Balkwill 764 
P. clijjordii Balkwill 
Balkwill 793 
P. gillilandiorum Balkwill 
Grosvenor 820 
P. kotschyana Nees 
Balkwill 732 
P. cernua [Hooker ex] Nees 
Balkwill 168, Balkwill 326, Balkwill 402, & Balkwill 445 
P. hereroensis (Schinz) Balkwill 
De Winter 2356 
P. sp. 
Craven 1021 & De Winter & Leistner 58 
